Sample complexity and wide dynamic range are big challenges in proteomic analysis. Many techniques including multidimensional protein identification technology (MudPIT) and affinity selection of specific targets or residues such as immobilized metal ion affinity chromatography (IMAC) for phosphoproteome, lectin affinity for glycoproteins, covalent chromatography for cystein-containing peptides, isotope-coded affinity tag (ICAT) for selecting and comparatively quantifying cystein-containing peptides, and fluorous affinity tags for peptide subsets are developed to reduce the sample complexity or to extract target proteins for comprehensive proteomic characterizations. In addition to select subsets of proteins, a new type of protein tagging reagents called "visible" isotope-coded affinity tag (VICAT) could be used not only to isolate cysteinyl proteins but also track and quantify their absolute amount during chromatographic processes by incorporating radio active 14 C atoms. VICAT is also a versatile tag that contains a biotin moiety for isolating target proteins by affinity capturing and photocleavable linkers for removing the tag moiety before analysis to prevent complicated fragment pattern of MS/MS spectra caused by tag molecules. However, radioisotope reagents are hazardous and they require film exposures to visualize.
Sample complexity and wide dynamic range are big challenges in proteomic analysis. Many techniques including multidimensional protein identification technology (MudPIT) and affinity selection of specific targets or residues such as immobilized metal ion affinity chromatography (IMAC) for phosphoproteome, lectin affinity for glycoproteins, covalent chromatography for cystein-containing peptides, isotope-coded affinity tag (ICAT) for selecting and comparatively quantifying cystein-containing peptides, and fluorous affinity tags for peptide subsets are developed to reduce the sample complexity or to extract target proteins for comprehensive proteomic characterizations. In addition to select subsets of proteins, a new type of protein tagging reagents called "visible" isotope-coded affinity tag (VICAT) could be used not only to isolate cysteinyl proteins but also track and quantify their absolute amount during chromatographic processes by incorporating radio active 14 C atoms. VICAT is also a versatile tag that contains a biotin moiety for isolating target proteins by affinity capturing and photocleavable linkers for removing the tag moiety before analysis to prevent complicated fragment pattern of MS/MS spectra caused by tag molecules. However, radioisotope reagents are hazardous and they require film exposures to visualize.
Fluorescence-based tagging in proteomics is useful in tracking and quantifying target proteins during sample preparation or chromatographic processes. In this study, we report a novel cysteinyl tagging method using a popular fluorophore, fluorescein derivative. Fluorescein derivatives are one of the most popular classes of fluorescence labeling dyes for qualitative and quantitative analysis. These dyes are water soluble and commercially available with reactive groups for different amino acid residues. We chose to target cysteine residues by using sulfhydryl-reactive 5-iodoacetamidofluorescein (IAF) derivative. From in-silico studies of E. coli, yeast, and human proteome, over 80% of proteins contain at least one cysteine reside but these 80% of proteins can be represented by less than 20% of their tryptic peptides.
Proteins were first reduced by either D,L-dithiothreitol (DTT) or Tris(2-carboxyethyl)phosphine hydrochloride (TCEP); and then were alkylated by 5-IAF. Fluorescein-labeled proteins were digested by trypsin and then was detected by MS. Compared to the common derivatization method using iodoacetamide (IAM), the ion signal of fluorescein labeled peptides was much stronger and it is likely due to a more abundant electron density associated with fluorescein molecules. Results of IAF labeling on a model protein, BSA, showed that some adjacent cysteines on the same tryptic peptide, such as ECCDKPLLEK, were both detected with complete labeling, indicating no significant steric hindrance effect was present for such substitutional reaction. Moreoever, we discovered that IMAC solid support (iminodiacetic acid-modified porous materials) such as Poros MC 20 beads could selectively bind fluorescein-labeled peptides either with or without the presence of bound metal ions. The fluoresceinlabeled peptides adsorbed to IMAC resin tightly under acidic conditions and then were released easily by alkaline elution. The specificity and efficiency of such fluorescein affinity selection was demonstrated by fluorescein-labeled ovalbumin digest shown in Figure 1 . As shown in Figure 1A , before affinity capturing, the labeled cysteinyl peptides were barely detected and the non-labeled peptides dominated the ion signals. Clearly, the non-labeled peptides were almost washed away as seen in Figure 1B and labeled cysteinyl peptides were enriched in the elute fraction as seen in Figure 1C . The results indicated that fluorescein-labeled peptides were enriched successfully with only trace amount of nonspecific binding. For quantifying the enriched fluorescein-labeled peptides, stable-isotope dimethyl labeling was applied to the digested peptides prior to fluorescein affinity selection. Two samples were labeled with IAF on cysteine residues, digested by trypsin, dimethylated with h2-and d2-formaldehyde, respectively, on both the N-termini and lysine residues of tryptic peptides. As shown in Figure 1D , dimethyl labeling did not appear to affect fluorescein affinity enrichment. Non-fluorescein-labeled peptides were still washed away and fluorescein-labeled peptide pairs were found predominantly in the elute fraction with expected 1:1 isotopic ratio and a 8-Da mass difference. These results demonstrate a feasible method for enriching and quantifying fluorescein-tagged cysteinyl proteins by coupling fluorescein affinity selection and stable isotope dimethyl labeling. MS spectra the fluorescein-labeled ovalbumin digest (A) before enrichment, (B) in the wash fraction, and (C) in the elute fraction of fluorescein affinity extraction. After stable isotope dimethyl labeling, the MS spectrum obtained from the elute fraction of the combined mixtures were shown in (D) in which "s" denotes the fluorescein-labeled peptides and the expanded spectrum shows 1:1 ratio of the isotopic pair for *ADHPFLFCI*K peptide and "*" denotes dimethyl labeling.
The fragmentation of fluorescein-tagged peptides under collision induced dissociation (CID) condition was investigated by Q-TOF MS. Since the rest of the fragment ions remain intact, a possible pathway for producing the reporter ion was derived from the immonium ion (fC):
The positive charge on the immonium ion initiated the loss of the fluorescein moiety and the resulting fluorescein moiety was protonated to give the m/z 422 ion with a chemical formula of C22H14O6NS. The intensity ratio of isotopic peaks for the compound (C22H14O6NS) was calculated to be 100.0 : 25.2 : 6.0 based on the natural abundance of the elements. As displayed in the inset of Figure 2 , the abundance ratio of isotopic peaks for m/z 422 : 423 : 424 was measured to be 100 : 25.8 : 6.7, which matched the expected values for the deduced reporter ion. Reporter ions are unique and very useful in developing MS-based methodology. They can be used to enhance signals by isolating the scan window for the desired ion. Using precursor ion scan for the digest of BSA, we had identified one cysteinyl peptide, CCTESLVNR, which was not identified by a common MS/MS survey scan.
In this study, we demonstrated that fluorescein tagging owns multiple characteristics to track, enrich, identify and quantify target proteins by fluorescence as well as by MS. A unique reporter ion (m/z 422) containing the fluorescein moiety was generated by CID during MS analysis and it was applied to the selection of fluorescein-tagged proteins/peptides using precursor ion scan. Moreover, the fluoresceintagged proteins/peptides adsorbed to multi-carboxylate modified stationary phases and were selectively enriched by simple acid/base elution. In this study, these advantages in selectivity were shown to analyze the subset of proteins containing cysteines. This approach, however, can be applied to select other subsets in targeting proteomics by choosing various fluorescein dyes with different reacting functional groups for peptides containing other amino acids such as lysines, or modified proteins such as phosphorylation or glycosylation. Furthermore, visible dyes can be monitored by naked eyes and it allows the sample preparation and separation processes to be optimized in-situ. Formulae to determine the necessary sample sizes for parametric tests of group comparisons are already available from several sources (Cohen,1988; Desu & Raghavarao,1990; Kraemer & Thiemann,1987; Mace,1974) . Computer programs for obtaining a minimal sample size are also available (Gorman & Primavera, 1995; Lenth, 2000; Thomas, 1998) . To determine the necessary sample size, the researcher must specify the maximum acceptable risk of rejecting H 0 when it is true, α, as well as the maximum acceptable risk of failing to reject H 0 when it is false, β. The degree to which H 0 is false, δ must be specified by the researcher. Given α, β, and δ, the minimum sample size needed can be determined from the following formula: It should be noted that those formulas are based on the assumption of normality. In applied settings, non-normal data are very commonMicceri, 1989, which makes the traditional formulas hard to applied. Hogg (1974) , Rosenberger and Gasko (1983) , and Wilcox (1993) all suggested using trimmed mean instead of mean to take care of the problem of non-normality. To calculate trimmed means, first let X (1) ≤...≤X (n) be the order statistics of random sample X 1 ,...,X n . Let γ be the proportion of trimming in each tail of the distribution (0≤γ≤0.5); and let e= [γn] , where [x] is the greatest integer ≤x. Let f=n-2e be the effective sample size.
One-Sample Case
When the trimmed mean method is applied, the null hypothesis is . Yuen's (1975) 
Two-Sample Case
When two trimmed means are compared, the null hypothesis pertains to the equality of population trimmed means:
Yuen's two-sample trimmed t 2w statistic (Yuen, 1974) To calculate the sample size needed, we considered different distribution shapes by using the g-and-h distribution (Hoaglin, 1985) . The parameter g primarily controls the amount and direction of skewness, and the parameter h controls the kurtosis. From Table 1 , it is noted that when the distribution shape is heavier (i.e., h increases) or more skewed (i.e., g increases), the sample size needed for the conventional t test increases tremendously. In contrast, the sample size needed for the trimmed mean test is smaller than the conventional method when the distribution is non-normal.
We also conducted a Monte Carlo simulation by using SAS RANNOR function (SAS institute, 1999) to investigate the performance of the conventional t test and the Yuen's trimmed mean test for a single population and for comparing two populations under various distribution shapes. Table 1 presents the empirical Type I error rate and the statistical power of the conventional t and the t w test for the onesample problem. It can be shown that the conventional t test required more sample units than the t w test for non-normal cases. The more extreme the distribution, the greater the difference of the sample sizes needed between these two tests. diabetes, dyslipidemia, and hypertension. Lower plasma concentrations of adiponectin also were associated with insulin resistance, which is generally taken as the core biological defect of the MetS.
Genetic studies in humans also provide strong evidence for the association between adiponectin gene and the MetS. Various single-nucleotide polymorphisms (SNPs) of the human adiponectin gene were reported to be associated with obesity, type 2 diabetes, and insulin sensitivity. The association of adiponectin SNPs and dyslipidemia or hypertension was less well explored.
Previous genetic studies did not examine these associations specifically in the elderly, who are expected to have more extensive environmental exposure. In this study, we investigated the association of 4 adiponectin SNPs with the MetS phenotypes among 1438 subjects with a mean age of 71.9y.
The G allele of SNP276 in intron 2 was associated with a reduced risk of obesity, MetS, and diabetes mellitus. The GT genotype relative to the GG genotype had an age-and sex-adjusted odds ratio of 1.32 for obesity [body mass index (BMI; in kg/m 2 )]25; P=0.014] and of 1.33 (P=0.011) and 1.47 (P=0.001) for
MetS according to modified National Cholesterol Education Program and International Diabetes Federation criteria, respectively. The age-, sex-, and BMI-adjusted odds ratio of diabetes mellitus for the GT and TT genotypes relative to the GG genotype were 1.28 (P=0.042) and 1.72 (P=0.013), respectively, and there was an obvious dosage effect (P for trend=0.004). In linear regression after adjustment for age, sex, and BMI, the GT and TT genotypes were associated with fasting plasma glucose concentrations 5.2 and 11.1 mg/dL higher, respectively, than those of the GG genotype. In conclusion, genetic variation of the adiponectin gene is associated with obesity, MetS, and diabetes mellitus in the elderly. The genetic effect on diabetes mellitus is partially independent of BMI. Nanocomposites are a class of composites in which the dimensions of the reinforcing phase are of the order of nanometers. These nanocomposite materials are explored with a view to attaining enhanced mechanical features for efficient load transfer and tear resistance,and to achieve certain levels of electrical conductivity through a percolation network for charge mitigation and electromagnetic shielding. The use of single-walled-(SWCNT) and multi-walled carbon nanotubes(MWCNT) in polymeric composites in order to enhance their properties has attracted much attention recently. Much of the work in this area has concerned polyimides, which are widely used in applications ranging from microelectronics to aerospace. Due to their insulating nature, significant levels of electrostatic charge may accumulate on their surfaces, causing local heating and premature degradation of electronic components or space structures. To address this issue of the dispersion of MWCNT in polymer materials, we have used the "grafting modification" method, which involves functionalization of CNT by plasma treatment to enhance their compatibility with a polyimide matrix. Starting with acid pretreatment of the MWCNT under sonication, the grafting of maleic anhydride moieties under plasma conditions not only improves their dispersal in polymer matrices, but also enhances the electrical conductivity and the mechanical andthermal properties of the resulting nanocomposites.
The polyimide nanocomposites were manufactured by a three-step method. First, mCNT were dispersed in DMAc under ultrasonication for 1 h, and then ODA was added to this DMAc solution with stirring for 2 h to obtain a mCNT-ODA suspension solution.Next, an equimolar amount of PMDA was added to the mCNT-ODA suspension solution. After stirring the suspension solution for 6 h, mCNT/PMDA-ODA polyamic acid (PAA) prepolymer was obtained. The entire reaction was carried out with stirring in a nitrogen-purged flask immersed in an ultrasonic bath at 25. Finally, the mCNT/PAA suspension solution was cast onto a glass plate and dried in an oven at 70 for 2 h, and the mCNT/PAA film thus obtained was thermally cured in an air-circulating oven at 300 to obtain a solvent-free, freestanding mCNT/polyimide film. A series of such mCNT/polyimide nanocomposite films was prepared with mCNT concentrations ranging from 0.0 to 3.0 wt % (0.0 to 4.1 vol %). Fig. 1 shows a plot comparing the conductivities of the mCNT/polyimide (mCNT/PI) composites and those of the original CNT/polyimide (CNT/PI) composites under similar conditions. Dispersal of the mCNT within the polyimide clearly leads to a lower percolation threshold. This increased conductivity is expected to be due to the reduced number of fillerfiller hops required to cross a given distance by virtue of the good dispersion of mCNT in the matrix. Fig. 2 shows TEM micrographs of CNT/polyimide and mCNT/polyimide at 0.5 wt%. It's clear that mCNT have better dispersion than CNT in the polyimide matrix. The mCNT thereby has a more pronounced effect on the percolation threshold than the CNT. to the polyimide further increases the Young's modulus to 4.56 GPa, which is 110% higher than that of the neat polyimide. Fig. 4 shows the tensile strength (TS) and the elongation at break of the mCNT/PI nanocomposites plotted against mCNT content. The tensile strength of the nanocomposites clearly increases at low mCNT content (0•0.5 wt %), but decreases at high mCNT content (above 0.5 wt %). This collapse of the mechanical properties beyond 0.5 wt% of the additive can be attributed to aggregation of the mCNTs. The CNT modified by plasma treatment with maleic anhydride may interact with the polyamic acid or dianiline. Hence, the affinity of the mCNT for the polyimide matrix isexpected to exceed that of the unmodified CNTs. The maximum TS value, 249 MPa, was seen for the mCNT/PI with a 0.5 wt% mCNT loading, which is 100%
higher thanthat of the neat polyimide. Owing to the huge surface energy of mCNTs, they could not For this reason, the tensile strength is decreased at high mCNT content.
A series of mCNT/polyimide nanocomposites has been successfully prepared using mCNTs modified by plasma treatment. The conductivity of the mCNT/PInanocomposites could be increased by more than four orders of magnitude. At an mCNT content of 0.5 wt%, there is good dispersal of the mCNT in the polyimide matrixdue to chemical interactions between them. The Young's modulus, tensile strength, and elongation at break of mCNT/PI films are markedly higher than those of the unmodified-CNT/polyimide films. 
